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Abstract 
The rapid technological development of the last century has underpinned the progress of modern civilization but is also giving rise to 
unnatural contingencies of energy production and utilization that are raising serious alarm bells because they have the potential to destroy 
the very environment which sustains life. The matter of energy production and usage, therefore, needs to be tackled on every possible 
front with a greater sense of urgency. This is the background against which research, at the University of New South Wales by the author 
and his team, are being conducted. Although the work originally started with applications to aerospace industry in mind, it has become 
evident that some of the novel techniques and concepts developed as a consequence, would have wider applications opening up new 
horizons of research of positive scientific, economic and environmental significance. The present talk is, therefore, organised essentially 
around the experiences and outcomes of such works that have the great promise of applications in a wide range of diverse fields, from 
performance enhancement of aircraft flight to power generation using renewable sources of energy, from propulsion of micro-aerial and 
underwater unmanned vehicles to ventilation within enclosed spaces of aircraft cabin or helicopter cockpits, from the design of thermal 
protection system for re-entry space vehicles to the  energy efficient design of dwellings for human and domesticated animals, all with 
the overriding goal of contributing towards reducing carbon foot print and facilitating a sustainable environment of high quality living 
and comfort. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the International 
Energy Foundation 
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1. Introduction 
The International 
Energy Foundation International Energy Congress (IEF- y, Australia where distinguished delegates from 
around the world and all sectors of industry, academia, research institutions and the community have gathered to share ideas 
and concepts to tackle one of the most urgent problems of today-  utilisation of  energy efficiently with 
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the work that I and my research team at the University of New South Wales have been engaged in over the past decade to 
contribute towards building an environmentally friendly world with energy efficient solutions and products. 
Coming from a background of Aerospace Engineering, we have concentrated on bringing some of the aerodynamic 
concepts and techniques that can not only benefit the aerospace industry but also find wider and general applications in our 
day to day lives. The present address is, therefore, built around the work and experiences gained on work conducted by the 
presenter and his research team at the University of New South Wales. In this talk, the aspects of  using wind as renewable 
source of energy for power generation will be described first followed by a narrative on the developments of concepts [1-
29] for energy efficient products as well as new techniques and methodologies [30-58
 
 
2. Power Generation Using Wind as a Source of Renewable Energy 
 
For the last thousand years, Windmill, along with waterwheel flourished as the prime movers based on kinetic energy and 
natural sources. With the advent of thermal energy, their usage began to decline from the 18th century. But the depletion of 
finite fossil fuel and thermal sources of energy and the associated unwanted consequences of such energy usage are 
threatening the very survival of human existence. Thus the beginning of the 21st Century has seen a revival of wind as a 
viable clean source of power worth pursuing. 
At the University of New South Wales, we have been working at making wind turbines more efficient in performance 
and safer in operation. From an aerodynamic point of view, this has involved looking afresh at the basics of blade design 
along with the application of active flow control in wind turbine operation.  
Historically speaking, work on wind turbines at the University of New South Wales has its origin in the early 1980s 
when attempts were made to produce an optimized horizontal axis wind turbine for use at the Australian Mawson Station in 
the Antarctica. Meteorological conditions at the Mawson Antarctic base are characterized by strong morning winds blowing 
from the south east away from the high polar plateau, a high average speed of above 14 m/s, a small period of calm (5%) per 
year, and hurricane strength storms with gusts exceeding 50 m/s [59]. Another impetus to this work was the scarcity of 
water supply at Mawson and a natural solution to this problem was to use wind energy as a heat source to melt snow. This 
work has lead to the highly loaded theory of Sanderson and Archer [60] for the design of a Horizontal Axis Wind Turbine 
for optimum power production. Limited tests carried out have demonstrated its potential to evolve into a significant 
aerodynamic design tool [16, 61] and extend the usage of the highly loaded theory [60] to rotor designs for horizontal axis 
wind turbines capable of optimum performance under different operating conditions.  
From a supply point of view, although wind can be considered to be free of cost, but their continuous or uninterrupted 
supply cannot be guaranteed twenty four hours a day and all the year round. The dependence on the availability of wind as a 
power source and its highly variable nature make utilisation of wind as a renewable source for continuous power generation 
an extremely difficult task.  
A critical look at the blade design suggests that some improvements may be possible 
theory as mentioned earlier in the design of blade or rotor. However, since the rotor can considered a form of passive 
control device of wind, there appears to be a limit on the gains that can be achieved from such blade design efforts. We, at 
the University of New South Wales, therefore, have been exploring the application of active flow control to enhance wind 
turbine performance and operation. Below we describe three modes of active flow control that have been showing promise 
in relation to their application of wind turbines. 
 
2.1. Coanda Jet 
 
The Coanda effect is a phenomenon that occurs when a flow from a nozzle is deflected by the presence of a curved surface. 
The Coanda effect is named after Henri Marie Coanda who first observed the effect while he was testing what he termed 
was his reactive airplane, Coanda-1910. After the plane took off, Coanda noticed that burned gases exhausted from the 
engine tended to remain very close to the fuselage. He correctly deduced that the attachment was produced by a decrease in 
the surface pressure in the separation bubble that formed just downstream of the nozzle exit. Coanda then used a series of 
deflecting surfaces, each at a sharp angle to the previous one, and succeeded in turning flows through 1800.  
 as an active flow control was used at the University of New South Wales with the objective 
to achieve vortex alleviation and mitigate the effects of wing tip vortices. Figure 1 shows the experimental set up of the 
wind tunnel test conducted. Although the results obtained are very promising, the concept relies on an efficient means of 
delivering air jet which currently is lacking. 
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Fig. 1. Experimental set-up for active flow control application on Horizontal Axis Wind Turbine  at UNSW 
 
2.2. Vortex Generator  
 
Air Jet Vortex Generator is another form of flow manipulation to obtain a desired result. This methodology was 
employed to explore whether the problems emanating from flow separation and dynamic stall on a horizontal axis wind 
turbine can be addressed. The ability of a wind turbine to react to rapid fluctuations in wind velocity is hampered by the 
massive rotational inertia of the rotor assembly as a whole, as well as the mass of individual blades bearing upon pitch 
change mechanisms. This degrades wind turbine performance resulting in poor operational capability with regards to the 
instantaneous wind conditions.  
While slow fluctuations in wind velocity may cause a loss in potential energy extraction due to stalling of the blades for 
a wind turbine, interaction with rapid fluctuations in wind velocity can subject a wind turbine to the phenomenon of 
dynamic stall, which produces large aerodynamic loads and subsequent structural damage.  
The use of Air Jet Vortex Generators (AJVG) has been shown to provide net increases in power output on full scale 
 loads associated with 
dynamic stall. Such devices are ideal for use in rapidly fluctuating conditions, as there is potential for an active flow control 
technique with a rapid response time which would be more difficult to achieve with fixed Vane Vortex Generators (VVG).  
 
      
 
 
 
 
 
 (a) Vane Vortex Generator (VVG)    (b) Air Jet Vortex Generator (AJVG) 
Vortex 
Air jet 
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(c) Exponential Air Jet Vortex Generator (EAJVG) 
 
Fig. 2. Vortex generators 
 
For ease of understanding, Figure 2 is provided that includes (a) a passive method of fixed Vane Vortex Generators 
(VVG), (b) A conventional Air Jet Vortex generator (AJVG) and (c) the new Exponential Air Jet Vortex generator 
(EAJVG).  
tage of simplicity; however, such devices are not able to provide the rapid, active control required 
to alleviate symptoms of dynamic stall. Air Jet Vortex Generators (AJVG) replaces the VVG with a series of small air jets. 
The AJVG is more complicated than the VVG but has the advantage of being more effective as a rapid response separation 
control device. The experimental results obtained thus far suggests the EAJVG of the University of New South Wales 
consumes less energy in operation than the conventional AJVGs 
The implication of the findings is that the use of such a device on full scale wind turbines may lead to greater net gains 
in power output, as well as reduce the magnitude of aerodynamic loads associated with dynamic stall. 
 
2.3. Synthetic Jet  
 
Active flow control using synthetic jets has become popular in recent times. The synthetic jets are formed entirely from 
fluid surrounding a cavity exit orifice that encloses an oscillating piston or diaphragm. A schematic of a typical synthetic jet 
actuator is shown in Figure 3. Actuation transfers momentum to energise the local flow, but zero-net mass transfer obviates 
the need for an external reservoir and complex plumbing traditionally required for steady blowing or suction. 
 
 
 
Fig. 3. Schematic diagram of a typical synthetic jet actuator 
In the study conducted at the University of New South Wales, the vertical axis wind turbine (VAWT) was chosen for 
performance and operation enhancement with the application of synthetic jet. Generally, Horizontal axis wind turbines 
(HAWT) are considered more efficient than their vertical axis wind turbine (VAWT) counterparts and are more commonly 
used as large turbines in wind farms. However, the inherent VAWT design is much simpler and requires less expensive yaw 
control systems than HAWT. The VAWT configuration also allows gearboxes and generators to be simply located on the 
ground as distinct advantages over HAWT for easy access in turbine maintenance, and reduced structural loads on turbine 
towers provides overall savings in material costs. VAWT at low rotational speeds produce lower turbine noise and 
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mechanical vibrations, and have decreased rotational kinetic energy which can consequently increase safety of their 
operation. 
The findings from this study suggest that synthetic jet actuation can expand VAWT operating conditions to include 
lower blade speed ratios which produce enhanced turbine safety, and thus have positive practical implications for both 
small- and large-scale VAWT that will further promote the cause of renewable wind energy as an alternative and viable 
source of energy and facilitate their deployment in urban environment. 
 
3. Development of Environmentally friendly products and methodologies 
 
3.1. Roof top ventilator  
 
Roof top ventilators are wind-driven devices. They do not produce electricity but use wind energy directly for 
ventilation, hence are energy savers.  
Proper ventilation in building requires that there be a movement or circulation of air within a space and that the 
temperature and humidity be maintained within a range that allows adequate evaporation of perspiration from the skin. 
Also, despite the wide distribution of air pollutant sources, the concentration of indoor pollutants may be the dominant risk 
factor in relation to personal exposure, as most people spend an average of 87% and 6% of their time within enclosed rooms 
and vehicles, respectively [62].  
An idea how wind driven ventilation can reduce household bills and serve the cause of environment can be ascertained 
from the following broad facts. Around 50% of the base building energy consumption of a modern building is typically due 
to air conditioning system [63]. The other 50% typically includes services such as common area lighting, domestic hot 
water, lifts, etc. As such, any reduction in air consumption or efficient use of energy utilisation will offer significant savings 
in total building energy consumption and carbon emissions. Under these circumstances, wind driven rotating ventilators, 
which use wind as a natural energy source are cheap to manufacture, install and maintain, and are, therefore, gaining 
widespread usage in most parts of the world.  
The rotating wind driven ventilator is environmental friendly, and costs nothing to operate. It can be installed either on 
the roof of a dwelling or moving vehicle or side-mounted on their windows. It is simple in structure, light in weight and 
cheap to install. This type of ventilator is generally manufactured from corrosion resistant aluminium. Some common forms 
of roof top wind driven ventilators are shown in Figure 4.  A series of cylindrical ventilators operating on the Red Centre 
building of the University of New South Wales can also be seen in Figure 5. 
 
 
 
 
Fig. 4. Some common forms of roof top wind driven ventilator (Image : www.edmonds.com.au) 
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Fig. 5. Cylindrical centrifugal ventilator at the University of New South Wales 
 
Despite the simplicity of manufacture of the rotating wind driven ventilator, the actual flow mechanism associated with 
its operation is very complex. A rotating roof top ventilator can be likened in part to a vertical axis wind turbine in its rotor 
configuration and in the sense that it also uses wind energy directly for its rotation. However, in terms of operational details, 
it behaves more like a centrifugal compressor. There is, however, a major difference. A centrifugal compressor accepts air 
in an axial direction and expels the same air in a radial direction. A rotating ventilator, in contrast, works with air from two 
sources: it accepts air from the free stream of the atmosphere in the axial direction, but expels contaminated air from a 
different source, essentially from inside a building into the atmosphere. 
Works [64-66] carried out at the University of New South Wales were the first systematic investigations of the 
aerodynamic performance of these ventilators. The initial works were mainly experimental in nature using simple physical 
models in a wind tunnel. The models consisted of a stationary cylinder and a spinning cylinder. Such models were useful in 
understanding some of the aspects of aerodynamic force acting on a wind ventilator. The flow visualization experiments 
were limited in scope but still provided useful qualitative information about the nature of the flow, particularly, in relation to 
force component associated with drag that were later confirmed in force/torque transducer measurements. Further works 
have involved the investigation on internal flows within rotating vanes of these ventilators using computational fluid 
dynamics [33].  
The ventilation research work at the University of New South Wales has resulted in novel but a simple conceptual model 
[23] for wind driven turbine ventilator design, that in turn lead to a more efficient blade design which has been incorporated 
. This improved version of the ventilator is currently 
commercially produced and marketed by CSR Edmonds, Australia. The works also laid the foundation to the concept of a 
23, 30], that in 2008 won the AIRAH Excellence award. Stories about these outcomes 
have also featured in Australian Research Council report to Australian parliament [67]. 
 
3.2. Ventilation within aircraft cabin 
  
The application of an energy efficient mode of air delivery that appears to substantially reduce the ventilation cost as 
high as 30% as has been demonstrated through a computational fluid dynamic study. Maintaining a safe and healthy cabin 
environment is essential for commercial airlines. Modern turbofan planes can cruise at an altitude of over ten kilometers 
where the local air temperature and pressure may reach -55°C and 30 kPa. Passengers are obviously not able to survive 
cabin. One widely used ECS works by bleeding air from the engine compression stages and supplying the bled air, after 
cooling, filtering and ozone removing, to the cabin to control the internal temperature, pressure and contaminants level. 
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Higher level of air quality and thermal comfort is always expected by the passengers, which may be obtained by increasing 
the fresh air supply rate, but at the expense of reduced engine performance with consequent increase in fuel consumption 
due to thrust loss from the bleed. As energy cost and environmental impact have become more critical to the operation of 
the airline, researchers have been exploring alternative methods of delivering conditioned air to the cabin which can achieve 
better ventilation without the need of an increased air supply and thus can maintain or improve the fuel economy of the 
aircraft.  
 
 
Fig. 6.  Computational domain of the cabin model 
 
The prevailing air delivery method at present is the mixed ventilation. Fresh air is introduced from the cabin ceiling that 
and travels downwards towards the floor along the side or through the center part of the cabin depending on the orientation 
of the inlet diffuser. After reaching the floor, part of the air leaves the cabin through outlets and the rest climbs up and meets 
the newly introduced air to form the recirculation. During the travel, fresh air exchanges heat and momentum with 
surrounding air and dilutes the contaminant generated from passengers. A relatively uniform distribution of the temperature 
and CO2 concentration is arrived under such air delivery method within the cabin [36].This pattern was confirmed by some 
detailed investigations on aircraft cabin flowfield employing the advanced flow visualization techniques including particle 
image velocimetry and volumetric particle streak velocimetry [36]. These studies also indicated some important features of 
the cabin airflow: the flowfield is unsteady in nature and is greatly affected by the supply conditions at the inlet including 
the supply location, flow rate, temperature and the passenger occupancy. Also the buoyancy effect, which results from the 
local temperature difference, is a significant driver of the cabin airflow and the largest contributor to the unsteadiness and 
should be properly accounted for in the study of cabin flowfields. 
The novelty of the work at the University of New South Wales lies in the periodic supply condition being employed that 
is intended to take effect after the aircraft starts cruising. So it is reasonable to assume that the cabin has been properly 
pressurized and the flowfield has reached a relatively stable state. To trigger the fresh air oscillation, a growing local 
circulation should form between the fresh air jet and the upper boundary. This can be realized by reducing the supply flow 
rate for a while which is defined as the idle cycle as illustrated in Fig.7. However, during the idle cycle, the temperature, 
CO2 and contaminants level will keep increasing as fewer fresh air is supplied, leading to a deterioration in the cabin air 
quality. Hence the duration and flow rate of the idle cycle need to be carefully selected to ensure the formation of such a 
local circulation as well as an acceptable elevation of the temperature and other contaminants. Three different values 
representing respectively 70%, 60% and 50% of the steady flow rate are initially evaluated as the idle rate. Results show 
that for both 60% and 50% cases, the expected flow pattern, featured with two comparable circulations separated by the 
fresh air jet, is already obtained in 60 seconds after the supply flow rate is reduced. The 50% case exhibits a more dominant 
local circulation and a higher average temperature and CO2 level than the 60% case. As for the 70% case, the circulation 
formed is confined to the side seats after 60 seconds. From these results, the 60% case is chosen to define the idle cycle in 
this study because the time required to establish the expected flow pattern is comparable to that of the 50% case but the 
temperature and CO2 rise are lower. Actually, each of the three cases will lead to a different periodic supply condition and it 
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is hard to determine which case will result in the best outcome before a complete simulation of all the conditions are 
implemented, which will cost a considerable amount of time based on the computing resources available. Since the aim of 
the study is to propose an applicable periodic supply condition rather than find out the best one, the 70% and 50% cases are 
not further considered here. The resultant idle rate is 4.98 litre per second per passenger and the idle period is 60 seconds. 
 
3.3. Other on-going efforts towards cost-effective energy efficient products and methodologies 
 
 Combing the operations of roof top ventilator with synthetic jets: Currently work is continuing to combine the 
operation of Roof top ventilator with synthetic jets that would be strategically placed inside a room of a building 
for greater control and movement of air and provide higher indoor air quality.  
 
 Synthetic jet as a propulsion or control system: In order for the application of synthetic jet to become a viable 
propulsion or control system, efforts are made to achieve higher circulation from synthetic jets than is currently 
possible. The objective is to achieve propulsion with lower energy input and has a greater prospect of finding 
application in the propulsion of micro-aerial and underwater unmanned vehicles than conventional aircraft. 
 
 Thermal protection systems: In order to annihilate the extreme heat generated during re-entry of a space craft, 
active flow control using counter-flow jet injection and focussed energy deposition are explored. The overall 
objective is to dissipate heat with minimum jet introduction so that the active flow control methodology can 
become a viable and an integral part of a thermal protection system for re-entry vehicles. Initial counter-flow jet 
injection studies, using primarily computational fluid dynamics are showing promising results.    
 
 Control of particulate emissions: Efforts to control particulate emissions from various applications such as power 
generation, cement plants, minerals processing etc. are essential to meet government regulatory standards. A 
common method used to clean filters in the extraction of particulate matter from a fluid stream, is Reverse Pulse-
Jet (RPJ) cleaning systems. The operation of the RPJ cleaning system relies on stored energy in the form of 
compressed gas, which is usually air. The work currently pursued is to make the overall operation more energy 
efficient. 
 
 
4. Conclusions 
 
We have tried to highlight some of the novel concepts and methodologies that initially originated for aerospace 
industries can find greater and possibly more significant application in our day to lives and help tackle the important 
challenges facing mankind today. It is imperative that these issues be tackled in all fronts and make greater use of human 
intellect and natural and renewable resources to make the world worth living. 
 
Acknowledgement 
  
The author would like to thank Professor Sylvester Abanteriba, Chairman, Board of Directors, IEF, Congress Convenor 
and Chair for inviting and giving me the opportunity to make this Plenary address.  
The author would also like to thank his research team and research students, and in particular A/Prof Ghasem 
Behfarshad, Dr. Nicholas Findanis, Dr. Jason Lien, Hamed Riazi, Chaofan Wu, Yong Ying Zheng, Joshua Yen, Simon 
Shun, George Matsoukas, K. Wongpanyathaworn and Terrence Flynn for their tireless work, dedication and support.  
 
 References  
    
[1] -   
edited by S.M.Muyeen Kitami, published by In-Tech Organization, Austria, ISBN 978-953-7619-81-7, February, 2010 
[2] J.Lien  mistry, Emission, Control, Radioactive 
-Tech Organization, Austria, ISBN 978-953-307-570-9,June, 
2011 
[3]  
blished by In-
Tech Organization, Austria, ISBN 978-953-307-623-2,July, 2011 
[4] , USA, 
15th December 1987. Also in the 3rd International Symposium on Laser Anemometry, edited by A Dybs et al, ASME, The Fluids Engineering 
Division, vol 55, pp175-17 
[5] Technol, vol 1, 
1990, pp272-276 
346   N.A. Ahmed /  Procedia Engineering  49 ( 2012 )  338 – 347 
[6] N.A.Ahmed, R.L.Elder, C.P.Foster
pp191-196 
[7] Aerospace Engineering, vol 
205, 1991, pp1-12 
[8] 
and Lasers in Engineering, vol 15, nos 2 and 3, 1992, pp193-205 
[9] Behaviour in a High Speed Centrifugal Impeller Passage under Design and Off-
Fluids and Thermal Engineering, JSME International series B, vol.43, No.1 February, 2000, pp22-28 
[10]   vol 37, no 1, 
2000, pp183-184 
[11] 
RAeS Aeronautical Journal, vol 104, No.1033, pp 253-256, March, 2000, pp125-128 
[12] d Circular 
, September, 2000, pp 1765-1767 
[13] - -400, 
March-April, 2001 
[14] 
Fluids, vol 30, Issue 1, pp 43-46, 2001 
[15] - -
963, September-October, 2001 
[16] ting of a Highly Loaded Horizon
Journal of Renewable Energy, vol 25, issue 4, pp 613-618, January, 2002 
[17] R.G.Simpson, N.A.Ahmed and R.D.Archer, 
March, 2002 
[18] N.A.Ahmed and J.Goonaratne
AIAA Journal of Aircraft , vol. 39, no.2,  March-April 2002 
[19] 
Education, vol.30, no.4, 2002 
[20] ournal of Measurement 
Science and Technology, vol 13, July, 2002, pp1100-1107 
[21] A.Pissasale and N.A.Ahmed
Flow Measurement and Instrumentation, vol. 13, issues 1-2, March-April, 2002, pp 23-30  
[22] Journal, vol. 41, 
no.3, March, 2003, pp 542-544 
[23] , vol. 27, no.1, 2003, 
pp 63-72 
[24] .8, no.1, March 2003, 
pp52-58 
[25] A.Pissasale and -
2460-2467 
[26] ibration and 
application of multi-hole probes to highly three- -436 
[27] 
IJMEE, vol.34, no.2, 2004, pp 271-282 
[28] Part I: Experimental 
study of the relation between vor -167  
[29] Part II: Theoretical 
determination of the 
No.3, 2006, pp 317-326 
[30] Volume 
33, Issue 6, June 2008, Pages 1392-1397 
[31] n of an asymmetrical localised 
Structures, Vol. 24 Issue 7, 2008 pp. 1006-1020 
[32] Vol. 46, No. 1, Jan-Feb issue, 
2009, pp284-290 
[33] S.J. Lien and N. A. Ahmed, (2010) Numerical simulation of rooftop ventilator flow. Building and Environment, Vol. 45 (8), pp. 1808-1815 
[34] S.J. Lien and N. A. Ahmed, (2011) Effect of inclined roof on the airflow associated with a wind driven turbine ventilator. Energy and Buildings, 
Vol. 43, pp. 358-365 
[35] bility of multi-
in press, Journal of Flow Measurement and Instrumentation, vol. 22, 2011, pp. 153-164 
[36]  with Unsteady Air Supply, AIAA Journal of Aircraft, vol 48, no.6, 
Nov-Dec issue, 2011, pp 1994-2002 
[37] -dimensional flow reversal and wake characterisation of a sphere modified with active flow control using 
vances and Applications in Fluid Mech, vol.9, No.1, 2011, pp17-76  
[38] G.Behfarshad and N.A.Ahmed International Review of Aerospace Engineering, Vol.4, No.3, 
2011, pp 184-188 
[39] G.Behfarshad and N.A.Ahmed International Review of Aerospace Engineering, 
Vol.4, No.4, 2011, pp 251-257 
[40] Aerospace 
vol.4, no. 4, June, 2011 
[41]  Advances and 
Applications in Fluid Mechanics, Vol. 10 No. 2, 2011, pp. 79-98  
347 N.A. Ahmed /  Procedia Engineering  49 ( 2012 )  338 – 347 
[42] G.Behfarshad and N.A.Ahmed
Engineering, Vol.4, No.4, 2011, pp 189-197 
[43] -
Advanced Materials Research, Vols. 317-319 (2011) pp 2515-2519 
[44] N.A.Ahmed and J.R.Page Advanced Materials 
Research, Vols. 317-319 (2011) pp 2520-2529 
[45] 
No. 5, 2011, pp 272-276 
[46] ft, vol 48, no.6, 
Nov-Dec issue, 2011, pp 1994-2002 
[47] N. ering, Vol 6, 
No.2, February 2012, pp155-167 
[48] ) Journal of Applied Mechanics and Materials, 2012 
[49] Advances and Applications in 
Fluid Mechanics, vol.12, no.1, 2012 
[50]  
[51] 
Renewable and Power Quality Journal, ISSN 2172-038X, No. 10, April issue, pp PL4, 2012 
[52]  Aerospace 
Engineering 
[53] Y.Y.Zheng, N.A.Ahmed and W.Zhang, Impact Analysis of Varying Strength Counter-flow Jet Ejection on a Blunt Shaped Body in A Supersonic 
Flow, (in press) Advances and Applications in Fluid Mechanics 
[54] Wind and 
Industrial Engineering, 2012 
[55] G. Matsoukas  (in press) International Review of 
Aerospace Engineering 
[56] J.Yen and N.A.Ahmed, 
Engineering, 2012 
[57]  
[58] C.Wu and http://dx.doi.org/10.1016/j.buildenv.2012.02.025, 
Building and Environment, 2012   
[59] .3, 1980, pp 163-176 
[60] Sanderson, R.J., and Archer, R.D., Optimum Propeller Wind Turbines, Journal of Energy, AIAA, vol 7, No 6, 1983, pp 695-701 
[61] Cox, D.H., Sanderson, R.J., Khoo, L.T. and Archer, R.D., th Australasian 
Fluid Mechanics Conference, New Zealand, 1986, pp 1-4 
[62] -2464, 1999 
[63] y Advanced Environmental Concepts Pty, Ltd, Report no. 
AESYB2000G\0\SFT3053, May, 2003 
[64] N.A. -
 
[65] 29295-01, 1997 
[66] otating Ventilator using Smoke Flow Visualisation and Hot- th Pacific 
Symposium on Flow Visualisation and Image Processing, 27-29 September, 2005, Whitsundays, Australia, Paper No. PSFVIP-5-214 
[67]  - lian Research Council, Canberra, ACT, 2009, p92  
 
